
 

 

 

 

 

1. Title of the Project:   

 

Production of Hydrogen Gas From Biomass and Wastes Using Fluidized Bed  

Gasifier 

 

2. Principal Investigator and Implementing Institution     

Dr. (Mrs.) Abanti Sahoo  

Department Of Chemical Engineering 

National Institute of Technology 

Rourkela-769008 Orissa 

 

3. Key  Objectives 

 

a) Production of hydrogen gas through syngas from the biomass using the 

Fluidized Bed Gasification technology. To achieve the above objective, a bench 

scale FBG reactor with nominal capacity of 5 kW was planned to be used in the 

present work. Bed and freeboard sections were planned to be made from stainless 

steel with diameters of 60 and 90 cm respectively; the total reactor height to be 

1400 mm. Biomass feed rate was planned to be about 10kg/hr. Oxygen was planned 

to be blown at around 60bar pressure and  10000C temperature 

b) Specific objectives: 

To separate hydrogen gas from the raw synthesis gas using a fixed bed 

reactor/membrane reactor produced from biomass gasification using a fluidized bed 

gasifier. 

 

4. Project Outlay (as specified in the Sanction Order) : Rs. 26,74,900/- 

 

5. Summary of Project Work :  

An energy efficient approach to hydrogen rich syn-gas production from biomass and 

wastes is represented at relatively low temperature, around 6000C, using a 

continuous-feeding fluidized bed Gasifier. The effects of different biomass materials, 



 

 

 

 

temperature, steam to biomass ratio (S/B) and Equivalence Ratio (ER) on gas yield, 

gas composition, and carbon conversion efficiency have been studied. Catalytic 

effects are also studied by changing the bed materials (viz. sand, dolomite, red mud 

and their mixtures). Different biomass samples such as rice husk, rice straw, saw 

dust, wood chips, sugarcane bagasse and coconut coir have been gasified in the 

present work with different bed materials. Municipal wastes like household wastes, 

orange peel and waste papers have also been gasified. Temperature during 

gasification was varied with 500-10000C. ER was varied within 0.15 to 0.35 and 

steam to biomass ratio was varied within 1.35 to 2.5. It is observed that higher 

temperature contributes to higher gas yield and carbon conversion. The steam 

introduction increased hydrogen yield by steam reforming and water gas shift 

reaction. Minimum extra of 20% stoichiometric air is required for satisfactory 

performance of gasifier. ASPEN PLUS and CFD simulations have also been carried 

out for optimization of process parameters. The gas-solid interaction, the thermal-

flow behavior and gasification process inside a fluidized-bed biomass gasifier are 

studied using the commercial CFD solver ANSYS/FLUENT13.0. A 2-D model 

based on Eulerian-Eulerian approach coupled with granular kinetic theory has been 

developed to simulate the bed hydrodynamics, heat transfer and reaction model for 

the FBG where velocity profile, bed expansion, solid movement, temperature profile 

and species mass fractions have been focused using FLUENT software. The 

influences of particle properties viz. particle size, particle density and operating 

parameters namely, gas velocity and temperature of the gasifier have been 

investigated comprehensively for simulation which provides a powerful basis for 

accurate design of FBG. Simulation and experimental observations are found to have 

very good approximation in most of the cases thereby validating the results of each 

other. Performance of fluidized bed gasifier is found to be satisfactory for ER within 

0.25 to 0.35 and S/B ratio within 2 to 2.5. Carbon conversion efficiency and thermal 

efficiency for different biomass samples are found to be around 75-93% and 75-80% 

respectively 


